We present first results from a high resolution multi-band survey of the Westerlund 2 region with the Hubble Space Telescope. Specifically, we imaged Westerlund 2 with the Advanced Camera for Surveys through the F 555W , F 814W , and F 658N filters and with the Wide Field Camera 3 in the F 125W , F 160W , and F 128N filters. We derive the first high resolution pixel-to-pixel map of the color excess E(B − V ) g of the gas associated with the cluster, combining the Hα (F 658N ) and Paβ (F 128N ) line observations. We demonstrate that, as expected, the region is affected by significant differential reddening with a median of E(B − V ) g = 1.87 mag. After separating the populations of cluster members and foreground contaminants using a (F 814W − F 160W ) vs. F 814W colormagnitude diagram, we identify a pronounced pre-main-sequence population in Westerlund 2 showing a distinct turn-on. After dereddening each star of Westerlund 2 individually in the color-magnitude diagram we find via over-plotting PARSEC isochrones that the distance is in good agreement with the literature value of ∼ 4.16 ± 0.33 kpc. With zero-age-main-sequence fitting to two-color-diagrams, we derive a value of total to selective extinction of R V = 3.95 ± 0.135. A spatial density map of the stellar content reveals that the cluster might be composed of two clumps. We estimate the same age of 0.5-2.0 Myr for both clumps. While the two clumps appear to be coeval, the northern clump shows a ∼ 20% lower stellar surface density.
INTRODUCTION With a stellar mass of M ≥ 10
4 M ⊙ (Ascenso et al. 2007 ) and an estimated molecular cloud mass of (1.7 ± 0.8 -7.5) × 10 5 M ⊙ (Furukawa et al. 2009; Dame 2007 , both based on millimeter CO spectroscopy), the young, massive star cluster Westerlund 2 (hereafter Wd2; Westerlund 1961 ) is one of the most massive young star clusters known in the Milky Way (MW). It is embedded in the H II region RCW 49 (Rodgers et al. 1960) and located in the Carina-Sagittarius spiral arm (α, δ) = (10 h 23 m 58 s .1, −57
• 45 ′ 49 ′′ )(J2000), (l, b) = (284.3
• , −0.34 • ). Moffat et al. (1991a) suggest that Wd2 contains more than 80 O-type stars.
Very few young (< 5 Myr) and massive (> 10 4 M ⊙ ) star clusters are known in the MW, but they are frequently observed in the Magellanic Clouds (e.g., Gascoigne & Kron 1952; Clark et al. 2005) as well as in the more distant Universe, especially in disk and starburst galaxies (e.g., Hodge 1961) . Therefore, Wd2 is a perfect target to study the star formation process and feedback of the gas in the presence of massive stars as well as the possible triggering of star formation in the surrounding molecular cloud (suggested to occur in RCW 49 by Whitney et al. 2004; Churchwell et al. 2004, using Spitzer mid-IR images). In fact, many globular clusters are less massive than Wd2 (see, e.g., Misgeld & Hilker 2011) .
The Wd2 cluster has been widely discussed in the literature in the last decade, yet its physical properties are poorly known. There is a considerable disagreement about the distance of Wd2, ranging from values of 2.8 kpc Ascenso et al. 2007; Carraro et al. 2013) , 4.16 kpc , 5.7 kpc (Piatti et al. 1998), 6 .4 kpc (Carraro & Munari 2004) to even 8 kpc . A consensus has not been reached on the age of Wd2 either, although there seems to be general agreement that the cluster as a whole is younger than 3 Myr and that the core may be even younger than 2 Myr (Ascenso et al. 2007; Carraro et al. 2013) . This young age combined with the cluster halflight radius of about 2.4 pc and its total mass make it likely that Wd2 is younger than half of its typical crossing time (∼ 5.5 Myr Gieles & Portegies Zwart 2011) . Therefore, the physical conditions of Wd2 are very close to its initial conditions.
Over the last years a series of spectroscopic observations of the most massive stars was performed. Moffat et al. (1991b) used U BV photometry and low resolution spectroscopy in order to classify six O-stars within Wd2 as O6-7 V objects and to obtain a distance of d = 7.9 +1.2 −1.0 kpc, while Piatti et al. (1998) reanalyzed a subset of O stars from (Moffat et al. 1991b ) to determine a distance of d = 5.7 ± 0.3 kpc. Two snapshot spectra of WR20a were taken and analyzed by Rauw et al. (2004) . They found that WR20a is a double-lined binary with a preferred orbital period of 3.675±0.030 days with component minimum masses of 68.8±3.8 M ⊙ and 70.7±4.0 M ⊙ . They suggest a spectral type of WN6ha for both components. Bonanos et al. (2004) discovered it was also an eclipsing binary and refined those values to even more extreme masses of 83.0 ± 5.0 M ⊙ and 82.0 ± 5.0 M ⊙ since they also measured the inclination. Spectroscopic observations of VargasÁlvarez et al. (2013) ; Carraro et al. (2013) of the most massive stars show that Wd2 has a total to selective extinction in the visual (R V = A V /E(B − V )) of about 3.77-3.85, therefore higher than the Galactic mean (Mathis & Wallenhorst 1981) of R V = 3.1.
The proximity to our solar system makes Wd2 a good target to resolve and characterize the individual components of its stellar content. Still, Wd2 has not been extensively studied. We attempted to fill the observational gap by designing a high resolution multi-band survey of the Westerlund 2 region with the Hubble Space Telescope. In this paper, we present new high resolution photometry, obtained with the Advanced Camera for Surveys (hereafter ACS; Ubeda 2012) and the infrared channel of the Wide Field Camera 3 (hereafter WFC3/IR; Dressel 2012) of the Hubble Space Telescope (HST). Combining four wide band filters (F 555W , F 814W , F 125W , F 160W ) we aim to constrain the distance and age of the cluster and to characterize its lowmass stellar content. Combining two narrow band filters (F 658N , F 128N ) we can derive a pixel-to-pixel reddening map (Pang et al. 2011) with the Hα to Paβ ratio to get the E(B − V ) color excess of the gas content in Wd2. This map helps us to deredden the stellar content while taking into account differential reddening.
In Section 2 we describe the HST observations of Wd2, and the data reduction, based on the HST pipelines (Dolphin 2000; Fruchter 2010 ). In Section 3 we describe the creation of our photometric catalog as well as the cleaning process from artifacts and spurious objects. In Section 4 we create the high resolution two-dimensional map of the color excess. In Section 5 we describe the transformation of the gas excess to a stellar excess. In Section 6 we describe the morphology and limitations of our color-magnitude diagram. In Section 7 we determine the physical parameters of Westerlund 2 such as distance, age, and the total-to-selective extinction towards Wd2. In Section 8, we present the unusual morphology of Wd2 that suggests that Wd2 might actually be a double cluster. In Section 9 we summarize findings and conclusions.
2. HST OBSERVATIONS AND DATA REDUCTION 2.1. Observations Our observations of Wd2 were performed with the HST during Cycle 20 using the ACS (Ubeda 2012 ) and the Infrared Channel of the WFC3/IR (Dressel 2012) . Six orbits were granted and the science images were taken on 2013 September 2-8 (ID: 13038, PI: A. Nota).
We acquired data in six different filters: four wide band filters and two narrow band filters. We imaged Wd2 with ACS (resolution 0.049 ′′ /px) through the F 555W and F 814W filters, corresponding to the V and I-bands, as well as the F 658N filter, centered on the Hα line. We also observed the cluster with WFC3/IR (resolution 0.135 ′′ /px) and the F 125W and F 160W filters matching the J and H-band, as well as the F 128N filter corresponding to the Paβ line. In addition, short exposures were acquired in the F 555W and F 814W bands (hereafter denoted as F 555W (s) and F 814W (s)) to reduce saturation due to O-type stars in the very bright cluster center and across the field of view.
We used one ACS pointing to cover Wd2 and a dither pattern with four positions for the long-exposures (350 s each) in the broad band filters, subsequently replaced by a two-position dithering for the F 658N filter (for a total exposure time of 1400 s). The short exposures were only observed at one position, each with an exposure time of 3 s. For the WFC3/IR observations mosaics of 2×2 tiles were required since the WFC3/IR has a smaller field-of-view (FOV) than the ACS (FOV ACS = 202 × 202 arcsec and FOV WFC3 = 123 × 136 arcsec). Each wide-band tile consists of four dither positions with a total exposure time of 947 s (3×250 s and 1×200 s). The narrow band tiles consist of three dither positions with a total exposure time of 748 s (250 s each). The log of the observations is reported in Tab. 1 together with the filters and exposure times used. An overview of the spatial positions of all images as well as their alignment is shown in Fig. 1 . Fig. 1 .-The field of view for the different exposures taken with the WFC3/IR and ACS filters. The blue and black fields together represent the F 125W and F 160W WFC3/IR exposures, while the blue fields alone represent the F 128N WFC3/IR dithered images. The yellow, green, and red fields together represent the ACS F 814W and F 555W long exposures, while the yellow fields represent the F 658N dither positions. The red field alone represents the short exposures for ACS F 814W and F 555W .
Data reduction
The observed data were first processed with the internal pipeline (Ubeda 2012; Dressel 2012) (from now on referred to as raw data), which delivers pipeline flat-fielded files (flt.fits for WFC3) or charge-transfer efficiency (CTE) corrected images (flc.fits for ACS).
The reduction of the raw data consists of multiple steps performed by AstroDrizzle (Fruchter 2010) , the Note. -This table summarizes the observations of Wd2 taken with the ACS and WFC3/IR cameras aboard HST. Given are the identifiers of the datasets, the filter, camera, as well as the central coordinates of each dither position. The exposure time is the total exposure time of all dither positions combined. We also give the observation date for each image.
follow-up tool of MultiDrizzle in the HST pipeline. The major goal of AstroDrizzle is to reconstruct and recover the spatial information of a set of images while preserving the signal-to-noise ratio (SNR). In AstroDrizzle this is done by the method formally known as variable-pixel linear reconstruction (commonly known as Drizzle) developed by Andy Fruchter and Richard Hook (Fruchter & Hook 1997) . A detailed description of the package can be found in the manual of DrizzlePac (http://drizzlepac.stsci.edu).
AstroDrizzle performs its tasks on pipeline flat-fielded files or CTE corrected images. The general concept of AstroDrizzle is to partly recover the high frequency information smeared out by the detector pixel response function by combining the sub-pixel dithered images. This algorithm gives us the chance of recovering spatial information of the under-sampled WFC3/IR images to reconstruct a final combined image with a higher resolution. In the case of multiple dither-positions the final combined (drizzled) image is free of cosmic rays and detector defects. At the end all images are aligned to the same reference frame, provided by the world coordinate system (WCS) information in the header of one of the images (we chose the F814W filter as reference).
Since the instruments (ACS and WFC3) and the pipeline data products are substantially different we treat the related images separately.
The ACS data
During the whole process the short exposures for the F 555W and the F 814W filters are treated individually and are labeled as F 555W (s) and F 814W (s), since AstroDrizzle cannot effectively combine images of very different exposure times.
For all ACS images we used a pxfrac=0.9 for the drizzling process meaning that each pixel is shrunk by 10% in size before being mapped onto the output grid. This value was chosen so that the size of the point-spreadfunction (PSF) of the drizzled image reaches a minimum while mapping all pixels properly to the output grid (see Sect. 2.3). The output pixel grid has the same pixel size as the original image (0.049 arcsec/pixel). Since there is only one dither position available for the short exposures (see Fig. 1 ), the cosmic-ray and detector defect removal could not be accomplished. Nevertheless we drizzled those images to correct them for geometric distortion and to align them properly to the reference frame. The short exposures are only taken to recover the photometry of sources that are saturated in the long exposures.
The WFC3/IR data
The PSF of the IR data is under-sampled. Therefore, we reduced the pixel size of the output grid to recover as much spatial information as possible for the determination of the optimal pixel size. If the pixel size in combination with the pixel fraction is shrunk too much, there is not enough information left for mapping the pixels properly onto the output grid without generating "holes" of empty pixels. Taking into account the weighted maps while representing the contribution of each pixel to the final image and the final full width at half maximum (FWHM) of the PSFs of some representative stars, we chose a final pixel size of 0.098 arcsec/px with a pxfrac=0.8. The data would have allowed us to reduce the pixel size a little more, but we found it convenient to have a pixel size twice that of the ACS. In addition, we mosaicked the four pointings into a single image.
In the end we had five mosaics for the ACS data set, one for the narrow-band and two (short and long exposures) for the wide-band filters. For the WFC3/IR filters we had three mosaics in total, one for each filter.
Quality check of the final images
In order to check the quality of the drizzled ACS images, we tested the stability of the weighted maps of the final products. In order to determine the variations in the weighted maps, 28 boxes (20 for the F 658N filter) of 100 × 100 pixel and 16 boxes of 250 × 250 pixel were selected across the image. In each box the standard deviation of the median was determined using the IRAF 7 task IMEXAMINE. This ratio should be below 0.2 following the DrizzlePac manual, meaning that the deviation of the weights of the different pixels should be less than 20%. This test could not be performed for the IR data due to the different readout method. The results are shown in Table 2 .
In addition, we determined the FWHM of a sample of 25 carefully selected stars across each field with the IRAF task IMEXAMINE. We chose medium bright, isolated, nonsaturated stars so that the PSFs are not contaminated by close neighbors or remaining detector artifacts. For the PSF determination, all ACS images where divided into four quadrants. The mean FWHM of the 25 selected stars in each filter is listed in Tab. 3. The FWHM range over the whole chip is given in the ACS manual (Ubeda 2012) with the FWHM of F 555M = 2.12-2.49 pixel as reference. The FWHM is quite constant between the different ACS filters and even the WFC3/IR filters. Our determined values are within the PSF range in the F 555M filter, meaning that quality and, therefore, the drizzle parameters are fine.
In Fig. 2 we show a color composite image of the Wd2 region, where the F 125W , F 814W , and F 555W filters are represented in red, green, and blue, respectively.
3. THE CREATION OF THE PHOTOMETRIC CATALOG The source detection and photometry was performed with the DOLPHOT 8 package including the extensions for ACS and WFC3/IR written by Andrew Dolphin. DOLPHOT is a modified version of HSTphot (Dolphin 2000) .
Source detection and photometry
For the source detection and photometry we adopted individual parameters for each filter. We considered the size of the PSFs, the different saturation limits, and the nebulosity conditions (due to the very different level of gas and stellar density). The main effort was to detect all sources and yet to avoid as much contamination by spurious objects as possible in order to make the cleaning procedure later-on easier. Spurious detections may happen in particular in regions with varying background brightness due to the varying gas and dust density in the H II region and stellar crowding.
DOLPHOT uses the drizzled images for the source detection and works on images (flcs and flts) with geometric-distortion-corrected headers (performed by AstroDrizzle) (from now on called processed images). To perform the source detection several steps have to be applied in a given order: acsmask (wfc3mask) to mask the processed images for detector artifacts and other defects using the weighted images, splitgroups to create single chip and single layered fits files, and calcsky to create a skymap for all processed images.
After those preparatory steps the actual dolphot routine was used to create a point-source catalog using the PSF and pixel area maps from an analytic model of ACS and WFC3/IR which is provided on the DOLPHOT webpage. The photometric run was performed in one step using the reference frame (F 814W ) to obtain the common astrometry and in order to improve the photometric accuracy. The output of DOLPHOT is one catalog for each filter and exposure, so in total 8 catalogs.
Improving the quality of the Photometric Catalogs
Initially, the photometric catalogs contain a number of spurious objects, which must be removed. We "cleaned" the photometric catalogs by applying appropriately chosen trimming parameters for each of the filters. The trimming values for the WFC3/IR and ACS instruments are given in the DOLPHOT manual. In order to ensure that as many spurious objects as possible were deleted, still preserving all 'real' objects, especially in the nebular regions and the dense cluster center we had to find the optimal parameter set for DOLPHOT. These values were adjusted by visual inspection of the observations of the removed and the kept objects.
3.2.1. Object Type The objects are classified as different types (OT) by DOLPHOT: good star (1), star too faint for PSF determination (2), elongated object (3), object too "sharp" (4) (see Sect. 3.2.3), extended object (5). We only kept the objects with OT=1. For the WFC3/IR filters we did not select by object type in order not to lose any objects. The distribution of the OTs for the ACS filters can be seen in Fig 3. 
Magnitude error
We restricted the catalogs to contain only those stars with magnitude errors above a given threshold, which depends on the filter. The cuts for the different filters are listed in column 2 of Tab. 4.
Sharpness
The "sharpness" parameter allows us to assess how well the PSF of a star is fitted. For a perfectly-fitted star the value is zero, positive for a point-source that is 
Note.
-In this table we give the different thresholds for cleaning the photometric catalogs from spurious objects. The columns 2-4 refer to the quality parameters for point-source photometry as provided DOLPHOT. Objects with values equal to or smaller than the listed thresholds were retained.
too peaked as compared to a typical stellar PSF such as a cosmic ray, and negative for a point source that is too broad in its light profile and that might be a background galaxy. Typical values range from −0.3 to +0.3 for un uncrowded region. The values chosen as our selection criteria are given in column 3 of Tab. 4. For the F 128N filter a cut was impossible without losing "real" objects. The distribution of the sharpness as a function of magnitude can be seen in Fig. 4. 
Crowding
The crowding is a measure of the flux contamination by surrounding objects. For an isolated star the value is zero. Crowding effects become especially important in very densely populated regions or in areas around very bright saturated stars since the crowding parameter gives a value in magnitudes by how much brighter a star would have been measured if nearby stars would not have been fit simultaneously. Our values chosen to select only those stars with a well-defined PSF and very low contamination can be seen in column 4 of Tab. 4. This selection is visualized in Fig. 5 .
Merging the different filters
For the creation of the final catalog we merged the different filter catalogs. We used the pixel coordinates of the resampled images and we established a maximum radial distance of 1.5 pixels (0.0735 arcsec/pixel) for merging the different filters. This means that the position of an object in two different filters is not allowed to radially deviate by more than 1.5 pixels from each other.
First, we combined the long and the short exposures for the F 555W and the F 814W band. Then, we used the F 814W catalog as basis, and subsequently added one filter after another. At the end, we adopted the World Coordinate System (WCS), in J2000 coordinates, which is provided by the processed long exposures in the F 814W filter as the common coordinate system for all exposures.
In order to merge the long and short exposure catalogs this procedure was repeated with a maximum radial distance of 1 pixel, between the same object in the short and long exposures. Objects from the short exposures were only taken into account for magnitudes brighter than 20 mag. For fainter objects, the long exposures were not saturated and offered a higher signal-to-noise (SNR) than the short exposures.
For all objects available in both exposures (n F 555W =246 and n F 814W =673, where n is the number of objects) we chose to adopt the point-source photometry with the smaller photometric error which always came, as expected, from the long exposures.
After all filters had been merged into one catalog, all objects that were not detected in at least two filters were deleted. It is unlikely that a star is only detected in one filter. This is not true for the F 160W band, however, since it can happen that a very young object emits only far to near-infrared radiation (Lada & Wilking 1984) and therefore is only detected in the H-band. In order not to lose those (potentially interesting) objects we decided not to remove the F 160W -only detections.
At the end we have a catalog consisting of objects detected at least in two filters (except for the F 160W filter) with a common coordinate system in pixel coordinates, as well as a WCS based on the F 814W images.
Properties of the photometric catalog
The final catalog consists of 17 121 objects in total. For an overview of the magnitude range as well as of the depth of each band, we refer to Fig.6 . The arrows mark the limiting magnitudes up to where 90% of all sources are located. A summary of the number of point-source detections in the combined catalog is given in Tab. 5.
The photometric errors are, of course, below the cuts set in the cleaning process. As one can see in Fig. 7 most sources have much smaller errors than these limits. The limiting errors and resulting magnitudes comprise 90% of all detected point sources in a given filter when ∼ 21.0 mag in the F 555W and F 814W filters, respectively. At the same level of photometric uncertainty we go down to ∼ 27 mag in the F 555W filter and to ∼ 26 mag in the F 814W filter, implying that our data are > 5 mag deeper in the optical. The J and H photometry by Ascenso et al. (2007) has a limiting magnitude of ∼ 20 mag and ∼ 18.5 mag at a photometric uncertainty limit of 0.1 mag, respectively, where our HST Note.
-In this table we give the main properties of the final photometric catalog. In column 2 we show the total number of all objects per filter. Column 3 and 4 give the limits in magnitudes and the photometric error below which 90% of all sources are located. In total, 17 121 objects were detected. 2 236 point sources had a detection found in all filters. photometry in the F 125W and F 160W filter goes down to ∼ 23.5 mag and ∼ 23 mag at the same uncertainty levels. Also in the near infrared (NIR) filters our data go ∼ 3-5 mag deeper than the photometric catalog of VargasÁlvarez et al. (2013) . Here it is worth reminding the reader that even when including the 3 s short exposures of the ACS broad-band filters we miss 16 bright objects (see Subsect. 6.1). Those objects are too bright or blended to be accurately measured by DOLPHOT.
The spatial resolution of our dataset is also unprecedented. Especially due to the sub pixel drizzling we are able to reach a resolution of 0.049 arcsec pixel −1 in the optical and 0.098 arcsec pixel −1 in the IR. This is almost 50% higher than the pixel resolution of the data of Ascenso et al. (2007) (0.144-0.288 arcsec pixel −1 ) and more than eight times higher than the optical resolution of Carraro et al. (2013) (0.435 arcsec pixel −1 ). These deep high resolution data in 6 filters give us the unique opportunity to study the properties of Wd2 at an unprecedented level of accuracy and depth. They reveal the young low-mass population (see Sect. 7), give us new information on the spatial distribution of the cluster members (see Sect. 8), make it possible to create for the first time a high resolution pixel-to-pixel map of the color excess in order to correct for differential reddening (see Sect. 4) and to improve the cluster age determination.
A HIGH-RESOLUTION TWO-DIMENSIONAL
MAP OF THE COLOR-EXCESS Wd2 is located in the Carina-Sagittarius arm of the MW, and thus the local extinction due to interstellar dust is expected to be high. A high resolution, spatially resolved characterization of the extinction in the region is key to a precise determination of age and distance for the Wd2 cluster, and to investigate the existence of an age spread. Following the methodology outlined by Pang et al. (2011) for NGC3603, we used a combination of Hα and Paβ images (F 658N and F 128N ) to derive a high-resolution, pixel-to-pixel map of the color excess of the gas (g) E(B − V ) g of the Wd2 region.
Hα and Paβ emission
In order to construct the pixel-to-pixel color excess map, we exploited the fact that radiation emitted at shorter wavelengths is absorbed more easily by dust than radiation emitted at longer wavelengths. Therefore, the interstellar dust attenuates the light from a given source emitted in the Hα line (rest-frame wavelength 6 563Å) more than the light emitted in the Paβ line (rest-frame wavelength 12 802Å). Consequently, the observed flux ratio of Hα/Paβ is always smaller than the theoretical (reddening free) ratio computed for the same conditions of electron density and electron temperature. Calzetti et al. (1996) provides a relation between the color-excess E(B − V ) g of the interstellar gas and the observed (R obs ) and theoretical (R int ) flux ratio Hα/Paβ with an assumed extinction law, represented by the total to selective extinction κ(λ) = A(λ)/E(B − V ) for a given wavelength λ:
In order to use Equation 1 we need to get the pixelto-pixel Hα/Paβ flux ratio from our observations. We applied the following steps in order to properly remove the stellar emission:
• First, we repeated the drizzling process (see Sec.
2) for the ACS images adopting the same pixel size as for the WFC3/IR images (0.098 arcsec pixel −1 ). A visual inspection ensured that the images where properly aligned.
• Due to the use of different instruments covering the whole wavelength range we need all of our images to have the same PSFs. Therefore, we used 40 stars that were non-saturated and without a very close neighbor in each of the six filters in order to determine the PSF. The PSF was largest in the F 128N image with a FWHM of 2.26 ± 0.312 pixels. Hence we degraded all the other images to the same resolution by convolving them with a Gaussian whose dispersion (σ 2 ) is the difference between the F 128N filter (σ 2 F 128N ) and the one of the filter in question.
• We calibrated all images in flux by multiplying them by their specific PHOTFLAM value given in the respective header. • The continuum flux centered at the Hα and Paβ wavelength was derived by linear extrapolation of the fluxes in the F 555W and F 814W (F 125W and F 160W ) image pixel-by-pixel at the F 658N (F 128N ) wavelength. With such an extrapolation we take into account the slope of the continuum emission of the stars in order to better remove them from the final, pure line-emission images.
• The interpolated continuum image was then subtracted for properly removing the stars from the F 658N (F 128N ) image. Afterwards each pixel value was multiplied by the respective bandwidth resulting in the pure line emission image as well as the R obs flux ratio.
• For the theoretical flux ratio of Hα/Paβ, R int , we derived a value of 17.546 with an assumed electron temperature of 10 000 K and an electron density of 100 cm −3 (Osterbrock & Bochkarev 1989) . We adopted a normal total-to-selective extinction of R V = 3.1. From the extinction law of Cardelli et al. (1989) we derived κ(Hα) = 2.437 and κ(Paβ) = 0.8035. With Fitzpatrick (1999) we derived κ(Hα) = 2.346 and κ(Paβ) = 0.7621.
• Finally we were able to apply Equation 1 to construct the pixel-to-pixel map of E(B − V ) g shown in Figure 8 .
The features of the color excess map
The two-dimensional color-excess map (see Fig. 8 ) is created with a spatial resolution (0.098 arcsec pixel −1 ) that has never been reached before for this region. The very inhomogeneous distribution of the dust extinction shows that differential reddening must be taken into account before any conclusion can be reached on the physical parameters of Wd2. We will use this map to get a dereddened cluster population, where for each of the stars the individual reddening is estimated locally (see Sect 7).
In Fig. 9 , the reddening map is shown on the left in black and white over-plotted with the selected cluster members (see Sect. 7) in green, and the contours representing E(B − V ) g . On the right we show the RGB image of the same spatial extent over-plotted with the same E(B − V ) g contours. This image emphasizes the location of the stellar population of Wd2 with respect to the highly variable color excess on small scales. Here it becomes clear that this map will improve the correction for differential reddening of each star individually.
The color excess map is morphologically very inhomogeneous. In the center where the cluster is located (marked by a cross in Fig. 8 ), E(B − V ) g has a value of ∼ 1.8 mag. Here we also see most of the very bright stars in the color composite image (see Fig. 9 ). Also in the very central region around the cluster there still seems to be a concentration of gas and dust, although we cannot say whether these components are mainly located in front of the cluster as seen along our line of sight, or in the cluster. A "bridge" with a slightly increased E(B − V ) g ≈ 1.9 mag extends from the cluster center to the North-East. In Fig. 9 one can see that there are no massive luminous stars visible within this "bridge". This "bridge" is not visible in the RGB image. Towards the South and the East where a higher concentration of dust and gas is observed, the color excess increases to values larger than 2.0 mag. In very dense regions it even can exceed 2.5 mag. The color excess map follows very well the morphology of the gas clouds showing a direct connection between the color excess E(B − V ) g and the cloud structure. As expected the color excess is higher where the clouds are denser.
The median reddening of the pixels across the reddening map is E(B − V ) g = 1.87 mag. The vast majority of all pixels have E(B − V ) g between 1-3 mag. Only 10 742 pixels (0.23%) have E(B − V ) g > 3.0 mag and only 1 018 pixels (0.02%) exceed 5.0 mag. The distribution of the nebular color excess values can be seen in Fig. 10 .
As shown in Fig. 8 the range of E(B − V ) g is quite large. We carried out an analysis of the radial distribution of the color excess. We divided the color excess map into four quadrants (NW, NE, SW, SE) (see Fig. 8 ), with the origin at the center of the cluster (cross in Fig. 8 ).
In Fig. 11 one can see the azimuthal dependence of the color excess. The dashed-dotted line shows the average of all quadrants. To the South the color excess increases almost constantly from ∼ 1.86 mag to 2.15 mag in the South-West and ∼ 2.0 mag in the South-East. To the North, E(B − V ) g decreases to ∼ 1.7 mag.
Uncertainties of the color excess map
Before applying the reddening map to our photometric measurements, we needed to assess the accuracy of the map itself. We did that by assuming that the electron counts on the detector follow a Poisson distribution. We started with a Poisson error of the counts per pixel and performed a proper error propagation throughout our whole computation, beginning with the continuum interpolation up to the final E(B − V ) g from Equation 1.
In Fig. 12 we show the distribution of σ E(B−V )g with a median of 0.032 mag. 90% of all pixels have an error smaller than 0.057 mag in the inferred nebular color excess.
As mentioned before, the reddening map depends on the adopted extinction law. For all further analyses we used the extinction law of Cardelli et al. (1989, hereafter denoted with the subscript C). For the sake of comparison, we also created the color excess map with the extinction law of Fitzpatrick (1999, hereafter denoted with the subscript FP). Both extinction laws are almost identical in the optical regime and so are the results. The median of the difference between E(B − V ) F P and E(B − V ) C is 0.05 ± 0.018 mag.
A non-negligible effect is the contamination of the wide-band filters with emission lines (e.g.: O III, S III, Hβ ). Due to a lack of spectra of the gas and the large differences in published line emissions between different H II regions, we are unable to estimate the amount of contamination due to those lines. Compared to the Paβ line emission we expect this contamination in the wideband filters to be small. In order to visualize the possible contamination of the color excess map by nebular line emission we show in Fig. 13 the throughputs (top panel) of our filters together with the simulated spectral lines (bottom panel) of a typical H II region using the H II Regions Library 9 based on the code CLOUDY (Panuzzo et al. 2003) . For the model parameters we adopted the values (n H ∼ 100 cm −3 , Q 0 = 4.2 · 10 51 s −1 ) of Pellegrini et al. (2011, and references therein) for the massive star cluster R136, since its content of massive stars is comparable to Wd2. Since Fig. 8.- The pixel-to-pixel map of the color excess of the gas E(B − V )g , covering the area where all six filters are available (see Fig. 1 ). The cross marks the center of Wd2, as given in Simbad. The green lines indicate the separation in four quadrants (see Sect. 4.2). E(B − V ) g,min = 0.002 mag and E(B − V )g,max = 11.7 mag. The colorbar shows the color excess in magnitudes. All pixels with E(B − V )g > 5 are shown in white. The circular areas near and in the cluster center are caused by the substitution of the saturated pixels by the median of the surrounding area. The two slightly inclined short stripes (one on the left, one on the right side) are caused by the gap between the two ACS chips (see Fig. 1 ). They remain at locations in the combined image where only one dither position is available. we are only qualitatively interested in the possible gas emission lines the adopted values fulfill our needs.
The Paβ line is the only line for which we have information in our survey. Hα is located outside the broadband filters and, therefore, not contaminating the continuum. Assuming the flux density to be the same in F 125W and F 128N , we can derive the contribution of Paβ via the flux ratio F 125W/F 128N . Both filters were multiplied by their respective bandwidth and PHOTFLAM value. We estimate the contamination of the continuum by the Paβ to be ∼ 22%.
Taking into account results from Pang et al. (2011) we estimate the contamination of the other possible emission lines in the other filters to be about 10-15% which could increase the overall color excess by ∼0.1-0.15 mag.
Finally, the E(B − V ) g excess is also affected by the electron density and temperature used to calculate the R int ratio. We calculated E(B − V ) g for different electron densities and temperatures. For an increase of the electron density by a factor of two, E(B − V ) g decreases by 0.00124 mag. For the extreme cases of N e = 10 000(100) cm −3 and T e = 5 000(20 000) K, E(B − V ) g changes by +0.028(−0.034) mag.
In summary, we can say that the uncertainties in electron density and temperature are introducing a small spread, which is below the 90% limit of the photometric uncertainty of the different filters (see Fig. 7 ). The unknown line contamination, on the other hand, introduces a possible increase of the color excess of the ga,s E(B − V ) g of ∼0.1-0.15 mag. This shift can be calibrated out when transforming E(B − V ) g to the stellar color excess E(B − V ) ⋆ (see eq. 3).
Limitations of the color excess map
The removal of the stellar contamination by interpolating and subtracting the continuum emission worked well for all objects up to a certain brightness limit. Problems occurred for saturated objects and their spikes as well as for those objects with diffraction rings. At the positions of these sources, the pixel values are not reliable anymore. Therefore, the interpolation and thus the subtraction might partly or totally fail for these objects.
For small areas with just a few unreliable pixel values we were able to clean the final reddening map by performing a spline interpolation. This effect appears for objects close to the saturation limit meaning that only a few pixels are saturated or the object is saturated just in one filter.
For cosmic rays, dead and hot pixels, being these cases where just a single pixel is defective, we were able to clean the final map by replacing the affected pixels by the median value of their surrounding.
For the very bright objects as well as for the whole cluster center, the area of saturated pixels was too large for a meaningful interpolation. Here we replaced the entire affected area by the median reddening calculated over an annulus around that area. For the map in Fig. 8 we additionally introduced a random Poisson noise to the interpolated pixel values (see Fig. 7) . Those values should thus be handled with caution.
THE STELLAR REDDENING TOWARDS THE
DIRECTION OF WD2 In order to get a better insight into the physical parameters of Wd2 we need to derive the variability of the reddening for the stellar population of the cluster.
5.1. Transformation of the gas excess map to the stellar excess map After creating the pixel-to-pixel gas excess map E(B − V ) g there was the need to translate this color excess into a stellar color excess E(B − V ) ⋆ in order to properly deredden the stellar photometry. Calzetti (1997) and Calzetti et al. (2000) found a linear empirical relation between the stellar and the gas reddening (
In star forming regions, the dust in front of the stars is removed or destroyed by stellar feedback. Therefore, the stellar reddening is smaller than the reddening of the gas. The interstellar medium (ISM) consists of a different composition (grain size, density, etc.) throughout the Galaxy. Therefore, this linear, empirical relation is only valid for a small range in color excess E(B − V ) and needs to be determined for each cluster independently.
We used the results of the ground based optical spectral types of massive stars in Wd2 from VargasÁlvarez et al. (2013) and Rauw et al. (2007 Rauw et al. ( , 2011 to obtain the bolometric magnitude of each of those stars using the Tab 1.4 of Sparke & Gallagher (2007) . Combining this information with the zero-agemain-sequence (ZAMS) 10 derived from the isochrones of the PAdova and TRieste Stellar Evolution Code 11 (hereafter: PARSEC, Bressan et al. 2012) we could obtain the theoretical intrinsic colors in the proper filter set of the WFPC2. We used this information to determine the color excess of the star combining the intrinsic color and the color derived with the photometric catalog of VargasÁlvarez et al. (2013) (E(B − V ) ⋆ = (B −V ) ⋆ −(B −V ) th ) since our photometric catalog does not cover the B-band. We then used the proper transformation of the photometry from the WFPC2 photometric system to the Johnson-Cousins system:
The ZAMS was derived, combining PARSEC isochrones with the information given on the webpage, at which age a star for a certain mass interval reaches the main sequence.
11 http://stev.oapd.inaf.it/cmd Note. -The parameters a and b for transforming the color excess of the stars E(λ 1 − λ 2 ) to an excess E(B − V ). The parameters a and b are calculated with Eq. 3a and 3b from Cardelli et al. (1989) .
a The pivot wavelength of the B and V band are taken from Binney & Merrifield (1998, p.53, 
The parameters a and b are calculated with Eq. 3a and 3b from Cardelli et al. (1989) and given in Tab. 6. λ 1 and λ 2 are the pivot wavelengths of the F 439W and F 555W filters, respectively. For the total-to-selective extinction, we used the same value as the color excess map (R V = 3.1). We should note here that even though we infer an R V here in order to determine E(B − V ) ⋆ even that we analyze R V in Subsect. 7.1. A variability of R V between 3.1 and 4.0 leads to an change in E(B − V ) ⋆ of ∼ 0.6%. In Table 7 , we list the values of the gas excess from our gas excess map, as well as the calculated stellar excess, (Column 8-11) for each star.
In order to get the transformation between the stellar excess and the gas excess we used all stars with spectroscopy that have individual reddening values (e.g.: are not located in the center) and are main-sequence stars (class V without special line features). A linear, error weighted regression revealed the following relation between the gas and the stellar extinction:
It is satisfactory to use a total-to-selective extinction of R V = 3.1 for creating the color-excess map of the gas (see Sect. 4) since a different R V will be compensated by different regression parameters in Eq. 3 and, therefore, leaves the overall outcome for E(B−V ) ⋆ unaffected. This results in an intersect greater than zero. Eq. 3 now allows us to translate the E(B − V ) g gas extinction map into a map of the stellar extinction E(B − V ) ⋆ . The overall median of E(B − V ) g = 1.87 mag transforms to E(B − V ) ⋆ = 1.55 mag. In Fig. 14 one can see the stars used to calculate the transformation.
In Fig.15 the histogram of the distribution of the color excess E(B − V ) is plotted for each of the 14 199 objects in the catalog spatially covered by the color excess map. The gas excess distribution is shown in red while the stellar excess distribution is shown in blue. The asterisks mark the color excesses of the thirteen stars with spectral types, which we used to obtain the linear regression for transforming the gas excess into a stellar excess. It can be seen that the color excess of the 13 stars is equally distributed over the whole range in color excess of all objects in the catalog. Therefore, the linear approach is valid for the complete catalog. However, we caution that this transformation cannot be used to extrapolate to E(B − V ) g = 0 mag or to very high E(B − V ) g values.
Fig. 14.-The 13 stars with spectroscopic data used to calculate the transformation between the pixel-to-pixel gas excess map E(B − V )g to the stellar excess E(B − V )⋆ are shown here. The green line is the best fit linear regression including error weighting. Fig. 15 .-The distribution of the color excess E(B − V ) for each of the 14 199 objects in the catalog, covered by the color excess map. The gas excess distribution is shown in red while the stellar excess distribution is shown in blue. The asterisks mark the color excesses of the thirteen stars with spectral types used to obtain the linear regression for transforming the gas excess into a stellar excess.
The stellar color excess derived with U BV
photometry An independent way of deriving the stellar reddening towards Wd2 is to use U BV two-color diagrams (TCD). Since our own photometric catalog lacks the U -band photometry, we used the photometric catalog of VargasÁlvarez et al. (2013) , including the spectroscopy derived by Rauw et al. (2007 Rauw et al. ( , 2011 , and Note. -All stars with a determined spectroscopic type from VargasÁlvarez et al. (2013) and Rauw et al. (2007 Rauw et al. ( , 2011 . All WFPC2 photometry was adopted from VargasÁlvarez et al. (2013) . Columns 1-2 list the J2000 coordinates followed by the spectral type. Column 4 gives the WFPC2 F555W magnitude. Columns 5 gives the WFPC2 F 439W − F 555W theoretical intrinsic colors, derived from (p.23, Tab.1.4, Sparke & Gallagher 2007) in combination with the PARSEC ZAMS. Column 6 lists the stellar WFPC2 F 439W − F 555W colors. Column 7 gives the stellar excess derived from the UBV TCD. Columns 8-11 list the stellar and gas excess E(B − V ) and their respective uncertainties derived from our color excess map . Column 12 gives additional information: (a) stars have a proper F 160W and F 814W photometry in our data and are shown in our CMD (Fig. 22) , (b) individual reddening from the gas extinction map is available.
VargasÁlvarez et al. (2013) . We used all stars with a spectral classification of luminosity class V, meaning that they are located on the main-sequence, and have no abnormal line features (see Tab. 7).
Using the PARSEC ZAMS with the same procedure as described in Subsect. 5.1, we were able to obtain the locus of the spectroscopically determined stars on the main-sequence in the U BV TCD. By shifting the individual stars in the TCD to their theoretical loci on the main sequence we could derive the stellar color excess E(F 439W − F 555W ) ⋆ and E(F 336W − F 439W ) ⋆ . Column 7 of Tab. 7 lists the derived values transformed to the Johnson-Cousins photometric system with the extinction law of Cardelli et al. (1989) (see Eq. 2).
The slope of the two-color excess in the TCD gives a ratio of E(U − B)/E(B − V ) = 0.85 ± 0.033. Therefore, it is larger than the mean throughout the MW, which amounts to E(U −B)/E(B−V ) = 0.72 (Fitzgerald 1970) . This is consistent with the higher total-to-selective extinction derived in Subsect. 7.1. The mean of the color excess of the stars derived via the TCD is E(B − V ) ⋆ = 1.62 ± 0.113. The median of the color excess of the stars derived with the color excess map was E(B −V ) ⋆ = 1.56. Comparing the individual values of E(B − V ) ⋆ derived with the TCD with those of the color excess map reveals a mean difference of ∆E(B − V ) ⋆ = 0.087 ± 0.129. We can say, within the errors, that our method of deriving the pixel-to-pixel gas excess map and transferring it to an excess map of the stars was successful and we can confidently use this map to deredden our photometry of the cluster members.
THE COLOR-MAGNITUDE DIAGRAM OF WD2
6.1. The morphology of the CMD In order to understand the stellar populations in our dataset we plotted the F 814W − F 160W vs. F 814W color-magnitude diagram (CMD) of our catalog (see Fig.  16 ). This CMD contains 7 697 objects in total. Looking at the CMD it immediately becomes clear that we observe a composite population. There are two parallel sequences: a blue one at F 814W − F 160W ∼ 2-4 mag, and a redder one, at F 814W − F 160W ∼ 4-8 mag (with approximate boundaries represented by the green lines in Fig. 16 ). The bluer population seems to consist of two branches, probably due to stars at different distances along the line of sight through the Galactic disk. The brightest objects can be seen at F 814W ≅ 14 mag.
The bluer sequence of the two clearly separated populations can be explained with the foreground population of the Galactic disk towards Wd2 (see Sect. 7). This population is located closer to us and hence less reddened. This makes those stars appear bluer in the CMD (see the comparison to the Besançon model (Robin et al. 2003) in Fig. 17) . The red sequence of the CMD is most likely the cluster population of Wd2 (see Sect. 6.2).
Our data suffer from saturation of the very bright objects (see Sect. 3), and for this reason we do "lose" stars in the CMD at the bright end. Due to the detection method in the WFC3-IR filters (see Sect. 2) saturation occurs only in the optical filters. Comparing our objects with detections in at least two filters with more shallow photometric studies from the literature we conclude that we miss 16 luminous stars, at the bright end of our photometry. 
Selection of likely RCW 49 member stars
In order to study the properties of Wd2 and the spatial morphology of the stellar content we need to extract a sample of probable RCW 49 member stars. Therefore, we need to clean the catalog from foreground objects (see Sect. 6).
The RCW 49 member selection was performed using the F 814W − F 160W vs. F 814W CMD of our catalog (see Fig. 17 ) which contains a total number of 7 697 objects (see Sect. 6). As a first step, we divided the data in likely foreground population stars (5 604) (marked by black points) and the likely RCW 49 member stars (2 093), indicated by red points (see Fig. 17 ). Distinguishing these two populations by defining a diagonal line was possible due to the clear separation of the two sequences and even at the faint end of the CMD the photometric uncertainties are still small enough to clearly separate the sequence formed by unrelated Galactic disk objects and RCW 49 members.
To test whether the black objects are indeed contaminant stars of the Galactic plane, we simulated the MW disk in the direction of Wd2 with the Model of stellar population synthesis of the Galaxy, the Besançon model (Robin et al. 2003) . This model adopts the extinction law of Mathis (1990) . It lacks the spiral arm structure (Robin et al. 2003) , but since we are just sampling one line of sight, this should not be a problem. We simulated the color-magnitude locus of the expected stars in the Galactic plane up to the cluster distance of 4.16 kpc across a FOV corresponding in size to our survey area (∼ 21 arcmin 2 ). The simulated stellar distribution is visualized by the green points in Fig. 17 . We transformed the model colors and bands, which are by default in the Johnson-Cousins photometric system (Johnson & Morgan 1953) , into the HST photometric system with the synphot/calcphot routine 12 (Laidler et al. 2005) for consistency with the data. It looks like the green points are centered between the two slightly separated populations of the foreground, most likely originating from a non-uniformly distributed ISM in the line of sight towards Wd2. The green points do indeed nicely overlap with the blue diagonal sequence of suspected foreground stars, supporting our assumption. Since we do not know the distribution of the foreground reddening we cannot reproduce the exactly observed distribution of the foreground populations. . The black sources are probable foreground stars. The green points indicate the location of the synthetic objects from the Besançon model in the direction of Wd2 up to the cluster distance of 4.16 kpc falling within a FOV corresponding in size to our survey area (∼ 21 arcmin 2 ). Their superposition with the black points suggests that the latter are less reddened foreground stars. The black solid line marks our arbitrary separation between cluster and field stars.
7. THE PHYSICAL PARAMETERS OF WD2 Using our high resolution dataset in combination with the 2D color excess map we are able to determine the physical properties of Wd2.
7.1. The total-to-selective extinction towards the direction of Wd2 In order to correct for the high differential reddening, visible in the map of the color excess E(B − V ) g (see Fig. 8.) , we need to get a better insight in the total-toselective extinction ratio R V :
where A V represents the total extinction in the visible. Since the distance modulus for Wd2 is not yet fixed, we used the TCD to derive a value for R V , since TCDs have the advantage of being distance independent. To derive R V , we had to find the best fit of the ZAMS to the likely main-sequence stars of our photometric catalog. Therefore, we used all stars brighter than F 814W > 18 mag of the RCW 49 members (red points in Fig. 18 and Fig.  19 selected through the CMD of Fig.17) . We used three different TCDs: F 555W −F 814W vs. F 814W −F 125W , F 555W − F 814W vs. F 125W − F 160W , and (F 439W − F 555W ) W F P C2 vs. (F 555W − F 814W ) W F P C2 . Here again, we also used the WFPC2 data from the photometric catalog of VargasÁlvarez et al. (2013) . The PARSEC ZAMS were used for Solar metallicity.
In order to deredden the stars onto the locus of the ZAMS in the TCDs we used the extinction law of Cardelli et al. (1989) :
A λ /A V is also R V -dependent:
The parameters a and b are wavelength dependent and given in Tab. 6. Combining Eq. 5 and Eq. 6 we can calculate the absolute extinction A λ in dependence of R V . In order to get the best fit for the three TCDs we needed to apply values of R V = 3.81 for F 555W − F 814W vs. F 814W − F 125W (see Fig. 18 ), R V = 3.96 for F 555W − F 814W vs. F 125W − F 160W (see Fig.  19 ), and R V = 4.08 for (F 439W − F 555W ) W F P C2 vs. (F 555W − F 814W ) W F P C2 (see Fig. 20 ). In the corresponding Figures 18, 19 , and 20 we show the stellar population including the ZAMS and the reddening vector. The red points represent the likely main-sequence stars, the blue diamonds represent the objects for which spectroscopy is available. The discrepancies at the red end of the IR filters in TCD to the remaining objects (black points) originate from the very numerous PMS population appearing redder due to remaining circumstellar dusty envelopes. Due to the high number of spectroscopically observed stars in Fig. 20 , we only used those objects for fitting. The ZAMS fitting gives us a mean value of R V = 3.95 ± 0.135. Spectroscopic observations of the most massive stars Rauw et al. 2007 Rauw et al. , 2011 ) and a photometric study of Hur et al. (2015) show that Wd2 has a total to selective extinction in the visual (R V = A V /E(B − V )) of about 3.64-3.85, what agrees with our value within the uncertainties. Fig. 18 .-The F 555W − F 814W vs. F 814W − F 125W TCD of the Wd2 photometric catalog. The green line represents the PARSEC ZAMS. We show in red the reddening vector for E(B − V )⋆ = 1.55 mag and R V = 3.81. The red points represent the likely main-sequence stars (all RCW 49 members brighter than F 814W > 18 mag). The discrepancies at the red end originate from the rich PMS population appearing redder due to the persisting dusty envelopes around the stars. The blue diamonds mark the stars with spectral types from .
The extinction correction of our cluster CMD
The high resolution color excess map of the gas E(B − V ) g , was transformed to the stellar color excess E(B − V ) ⋆ (see Subsect. 5.1) and used to correct the CMD for differential reddening (see Sec. 4.4) . In other words, we used the stellar color excess at the position of the stars to subtract the foreground reddening. For the color excess E(B − V ) ⋆ at each stellar position, the median E(B − V ) ⋆ within three sigma of the mean PSF was calculated and then translated into the total extinction A λ at the pivot wavelength λ of the HST filters, using again the extinction law of Cardelli et al. (1989) (see Eq. 5). A λ /A V is given as 0.62303 for F 814W and 0.21756 for F 160W .
In Fig. 21 we show the CMD of the Wd2 members as observed (left) as well as the individually dereddened CMD (right). The red arrow shows the overall median reddening of E(B − V ) ⋆ = 1.55 with R V = 3.95 (see Subsect. 7.1 for determining R V ). We should note here In red we show the reddening vector for E(B − V )⋆ = 1.55 mag and R V = 3.96, shortened by a factor of 4 for plotting reasons. The red points represent the likely main-sequence stars (all RCW 49 members brighter than F 814W > 18 mag). The discrepancy at the red end originate from the rich PMS population appearing redder due to the persisting dusty envelopes around the stars. The blue diamonds mark the stars with spectral types from . that objects lying in regions where the color excess map needed to be interpolated or substituted by the median (see Sect. 4.4) , the uncertainty of the dereddening is bound to the uncertainty of the estimation of the values of the saturated pixels. Consequently, individual dereddening means using the individual stellar excess for each star and the extrapolated/substituted value for the stars where the color-excess map has corrupt pixels. As one can see from the color representation of the density in the plot, a tightening of the CMD was achieved. Nevertheless, the spread cannot be reduced to less than the intrinsic age spread of ∼ 2 Myr. Also effects like rotation and and binarity play a role. PMS stars have their own circumstellar effects, in addition to the general differential reddening, causing broadening of the CMD.
The distance and age
The distance to Wd2 is still subject of debate in the literature. Published values range from 2.8 kpc Ascenso et al. 2007; Carraro et al. 2013) , to 4.16 kpc , 5.7 kpc (Piatti et al. 1998), 6 .4 kpc (Carraro & Munari 2004 ) to 8 kpc . Discrepancies also exist in the published ages: an upper age limit of 3 Myr was inferred for the whole cluster and 2 Myr for the core by Ascenso et al. (2007) and Carraro et al. (2013) .
In this paper, we will attempt to derive tighter constraints on distance and age from our high resolution, high sensitivity multi-wavelength observation.
In order to determine the distance and age of Wd2 we used the method of over-plotting isochrones to our F 814W vs. (F 814W − F 160W ) CMD. We especially focused on the turn-on, since here the isochrones are not degenerate in age and most distinguishable between each other, compared to the main sequence. We used PAR-SEC isochrones for 0.5-2.0 Myr and Solar metallicity.
In order to determine the best distance, we used the already dereddened CMD (see Fig. 22 , right panel). We corrected the chosen PARSEC isochrones (Bressan et al. 2012) for the distance modulus. We applied different values for the distance and assessed the best fit to both the locus of the turn-on region and the PMS population. This corresponded to a distance of d = 4 kpc and is in good agreement with the spectroscopic observations of VargasÁlvarez et al. (2013) . Their distance is based on the physical constraints derived from the spectral types of the most massive stars in Wd2. The method they adopted is more accurate than our empirical fit, and, therefore, we will assume for all the subsequent calculations their value of d = 4.16 kpc.
Taking into account the magnitude range of the turnon we can conclude that the age for the whole cluster is in the range of 0.5-2.0 Myr. We provide a more detailed and spatially differentiated analysis of the age in Sect. 8. The uncertainty in the total-to-selective extinction ∆R V ± 0.135 results in an age uncertainty of ∼ 0.5 Myr (see dashed-dotted lines in Fig. 22 ) assuming that the luminosity of the stars is constant. The impact on the distance is ±0.01 kpc and, therefore, negligible.
8. THE TWO CLUMPS OF WESTERLUND 2 8.1. The spatial distribution of the stellar content As can be seen from Fig. 2 , our observations cover an area ∼ 4 arcmin wide, which, assuming a distance of 4.16 kpc, corresponds to a linear scale of 4.8 pc. This region covers the Wd2 cluster and the surrounding clouds, and enables us to analyze the spatial distribution of the stars. Due to the very complex cloud structure and the resulting variable reddening (see Sect. 4) as well as the different degrees of crowding, we expect that the completeness of our dataset differs as a function of position. In order to avoid the bias due to incompleteness effects we applied luminosity cuts based on the histogram of the magnitude distribution (see Fig. 6 ). In other words, we limited our analysis to the range where the catalog is mostly complete. We used all objects with F 814W < 22.75 mag and F 160W < 18.00 mag. This leaves us with 2 610 point sources. A detailed assessment of the incompleteness through artificial star experiments will be performed and published in a subsequent paper.
Using this reduced sample we created a 2D plot of the stellar density, taking into account all objects within a radius of r < 10.8
′′ around each star. This area was chosen such that there were always enough objects within the area and the resolution was high enough to resolve the spatial structure of the stellar content. The result of this approach can be seen in Fig. 23 . Each dot represents one star. Fifteen linear spaced lines representing isodensity contours are over-plotted. The color indicates the number density specified by the color bar [number/arcmin 2 ]. In the resulting surface density plot the cluster appears divided into two separate clumps; the main cluster of Wd2 and a smaller clump to the north (northern clump). This structure was also pointed out and named northern clump by Hur et al. (2015) . VargasÁlvarez et al. (2013) also noticed a "a secondary concentration of stars 45
′′ to the north".
In order to investigate the properties of and possible differences between the two clumps we defined a circular area around each clump containing stars that we considered to belong to each clump. We removed the uniform distribution of stars, visible outside the cluster, by determining a threshold density. This density was determined in a control field well outside the central cluster. All objects 3σ above this stellar density were included.
We then plotted histograms in right ascension and declination of all remaining objects (Fig. 24) . Fitting Gaussians to the distribution and determining the FWHM allowed us to estimate the extent of the area where the two clumps dominate. The fits were always made under the condition that the peaks in right ascension and declination for the same clump needed to be similarly high in order to be consistent.
For the declination direction we used a combination of two Gaussians (dashed-dotted-line) (see left of Fig.24 ). The red curve fits the maximum of the histogram distribution with a center coordinate of −57
• 45 ′ 31 ′′ 7 and a FWHM of 26.83
′′ . This coordinate marks the locus of the main body of Wd2. The blue curve fits the northern clump with a center coordinate of −57
• 44 ′ 34 ′′ 2 and a FWHM of 19.17 ′′ . For the right ascension direction, we needed to subdivide the data since the two clumps are located at very similar right ascensions. Therefore, we divided the catalog at Dec=−57
• 44 ′ 51 ′′ 0. We plotted the histograms for each part (see right side of Fig. 24 ′′ . The Gaussian fit of the northern clump is higher than the actual distribution due to the fact that for both declination and right ascension the peaks needed to be of similar height. Since we do not have any completeness information, yet, we assumed a circular shape for the clumps. We will be able to determine more accurately the spatial structure of those clumps after having assessed the completeness of our photometry. This will be included in a subsequent 
paper.
We calculated the radii of the clumps as the mean of the radii along the declination and right ascension directions, and found a radius of r Wd2 = 24.10 ′′ (∼ 0.5 pc) for the stars associated with the main body of Wd2 and a radius of r nc = 18.96 ′′ (∼ 0.4 pc) for the northern clump. These radii are plotted as circles in Fig.23 . These radii merely serve to select stars that mainly belong to one of the two clumps. A thorough analysis of the density profiles (including incompleteness corrections) are deferred to a subsequent paper. 8.1) shows that the surface density of the stellar content is higher in the clumps than in the surrounding area. The reddening map shows an extended dust filament superimposed on the northern clump. The de-reddened CMDs of both clumps (see Fig. 26 ) are not shifted in color which leads to the conclusion that this dust filament is located in front of the cluster. In the main body of Wd2 the contour lines follow the gas excess towards the North-West, so it looks like the stars there already cleared some of the gas. Towards the South and South-East the gas excess increases and the number density of the stellar content decreases quite rapidly. Both clumps of Wd2 contain multiple OB stars. Most of them are located in the main body of Wd2. All OB stars with available spectroscopic data are saturated in our data.
The luminous stellar population
There are 3 stars with spectroscopic data available from Rauw et al. (2007 within the northern clump and 19 within the main body Wd2. The northern clump contains a B1 V, O5 V-III, and an O9.5 V star. The 19 stars in the main body of Wd2 are all O-type stars with a spectral type ranging from O9.5 V to O3-4 V.
The color magnitude diagrams
In the next step we take a look at the dereddened CMDs (see Fig.26 ) of the main body of Wd2 and the northern clump. We are assuming the two clumps to be at the same distance. We again use the whole PMS population, taking into account all stars in the respective areas. This yields 969 objects for the main body of Wd2 (left panel of Fig. 26 ) and 474 for the northern clump (right panel of Fig. 26 ). PARSEC isochrones for ages of 0.5-2.0 Myr are overplotted.
As already seen in the images (see Fig. 25 ) and in the spectra the main body of Wd2 contains by far more luminous (> 14 mag) stars than the northern clump, both along the clearly visible turn-on of the PMS, as well as on the main sequence. In the northern clump the turn-on is barely visible and there are almost no stars on the main sequence up to our saturation limit of ∼ F 814W = 13 mag. One reason of this apparent lack of more massive stars may well be an effect of the stochastic sampling of the mass function (e.g., Baker 1987) of the relatively sparsely populated northern clump. For a better comparison of the CMDs of the two clumps we reduced the number of objects in the main body of Wd2 to the same number as in the northern clump by a randomized removal of objects. In Fig. 27 one can see the such reduced CMD of the main body of Wd2 in black and the CMD of the northern clump in red. Besides the fact that the turn-on is more apparent in the main body of Wd2 there is no visible difference. The scatter of stars located on the turn-on is similar for the main body of Wd2 and the northern clump. This leads us to suggest that both clumps formed at the same time, but what we observe as the main body of Wd2 presumably formed from an initially more massive and possibly denser gas clump. The mass function (which is left for a subsequent paper) will reveal whether there is a substantial difference between the two clumps and their formation process.
We note that the lack of O3/O4 stars on the main sequence of the northern clump may imply a slightly higher age, but may also just be a consequence of stochastic sampling effects as pointed out before. In any case, for such young ages isochrones do not permit us to constrain the age more accurately, and within the accuracy of our age estimates we may consider the two clumps to be coeval.
Our CMDs show a luminosity spread among the PMS stars in the turn-on region that, if taken at face value, is compatible with an age spread of ∼ 2 Myr. However, considering the findings of, e.g., Baraffe et al. (2009); Hosokawa et al. (2011), and Soderblom et al. (2014) on the impact of accretion and differences in the survival of circumstellar disks, we conclude that the adoption of ∼ 1 Myr as cluster age is reasonable. This is also supported by the fact that the locus of the turn-on region is very sensitive to the age (∼ 0.33 mag Myr −1 at 3 Myr), which is shown by Cignoni et al. (2010) for the young cluster NGC 346.
9. SUMMARY AND CONCLUSIONS In this paper we described the reduction of our recently obtained HST (ACS and WFC3) data of the very young star cluster Wd2. We created a photometric catalog of 17 121 objects in six different filters, four wide-band (F 555W , F 814W , F 125W , F 160W ) and two narrowband filters (F 658N , F 128N ) .
Using the two narrow-band filters sampling the Hα and Paβ line, we created the first high resolution pixel-topixel map of the color excess E(B − V ) g of the gas in Wd2. This map has a median color excess E(B − V ) g = 1.87 mag and reveals considerable differential reddening across the region. A radial analysis of the color excess for the four quadrants (NW, NE, SW, SE) shows an almost constant increase from ∼ 1.86 mag to values of about 2.15 mag to the Southwest and ∼ 2.0 mag to the Southeast. To the North we have a decrease of the excess down to ∼ 1.7 mag due to missing gas and dust. The median error due to the Poisson statistics of the electron count on the detector amounts to 0.032 mag. We estimate a contamination of the continuum in F 125W originating from the Paβ line of ∼ 22%. Following Pang et al. (2011) we infer a contamination of 10-15% in the broad band filters due to other emission lines, which leads to an uncertainty of 0.1-0.15 mag on E(B − V ) g .
Using the spectroscopy catalog obtained by VargasÁlvarez et al. (2013) ; Rauw et al. (2007) , and Rauw et al. (2011) we translate the pixel-to-pixel gas excess map E(B −V ) g into a stellar excess map E(B −V ) ⋆ . The median of this map is E(B − V ) ⋆ = 1.55 mag which is consistent with the mean value for the stellar excess derived with the U BV TCD using the photometric catalog of VargasÁlvarez et al. (2013) .
Taking the PARSEC ZAMS (Bressan et al. 2012 ) and fitting them to three different TCDs (F 555W − F 814W vs. F 814W − F 125W (see Fig. 18 ), F 555W − F 814W vs. F 125W − F 160W (see Fig. 19 ), and (F 439W − F 555W ) W F P C2 vs. (F 555W − F 814W ) W F P C2 (see Fig.  20) ) allowed us to derive a value for the total-to selective extinction of R V = 3.95 ± 0.135. This is in good agreement with the studies of VargasÁlvarez et al. (2013) ; Rauw et al. (2007 Rauw et al. ( , 2011 and Hur et al. (2015) , who showed that Wd2 has a total to selective extinction in the visual (R V = A V /E(B − V )) of about 3.64-3.85. The value of R V lies well above the mean of the interstellar medium (ISM) of R V = 3.1 (Cardelli et al. 1989) . This indicates that the dust grains along the line-of-sight towards Wd2 are larger than normally in the MW (Mathis & Wallenhorst 1981; Mathis 1990; Cardelli et al. 1989 ). This fact was also indicated by VargasÁlvarez et al. (2013) . This is consistent with the higher than normal slope of the E(U − B)/E(B − V ) TCD of 0.90 ± 0.035 (Turner 1973 (Turner , 1976 .
In combination with the derived color excess map, the Besançon model, and the F 814W vs. (F 814W −F 160W ) CMD we were able to separate the cluster stars from the foreground contamination in the region of the giant H II region RCW 49. The CMD shows two well separated populations, where the bluer one consists of foreground stars representing the field population towards the Carina-Sagittarius spiral arm, while the redder one can be considered to be part of RCW 49 cloud containing the Wd2 cluster. We dereddened the selected RCW 49 population using the E(B − V ) ⋆ map which was translated into the total extinction at the pivot wavelength of the HST filters using the extinction law of Cardelli et al. (1989) . Using PARSEC isochrones we estimated a distance of d ≈ 4 kpc, which is in good agreement with the more accurate result of VargasÁlvarez et al. (2013) of d = 4.16 kpc, which we ultimately adopted. With this distance Wd2 is located at the same distance (Gennaro et al. 2011; Koumpia & Bonanos 2012) as Westerlund 1 (Westerlund 1961) , the most massive open star cluster known in our Galaxy, and is closer than NGC 3603 (Harayama et al. 2008) .
The spatial density map (see Fig. 23 ) of the stellar content of Wd2 reveals the splitting of Wd2 into two clumps (denoted as the main body of Wd2 and the northern clump). We infer the approximate area in which objects can be assumed to belong primarily to the respective clumps. This gave us projected radii (FWHM of the Gaussians) of r Wd2 = 24.10 ′′ (∼ 0.5 pc) and r nc = 18.96 ′′ (∼ 0.4 pc) for Wd2 and the northern clump, respectively. This leads to a projected area of ∼ 0.5 arcmin 2 for the main body of Wd2 and ∼ 0.3 arcmin 2 for the northern clump. Including all stars with F 814W > 22.75 mag and F 160W > 18.00 mag, the mean stellar density of the main body of Wd2 is approximately 2 000 stars arcmin −2 , while the northern clump has a density of roughly 1600 stars arcmin −2 . The stellar number density is therefore ∼ 20% smaller in the northern clump.
A comparison of the CMDs for the two clumps showed no age difference. PMS isochrones indicate for both an age between 0.5-2.0 Myr. This leads us to conclude that both clumps were born at roughly the same time (1.0 via subproject B5. M.T. has been partially funded by PRIN-MIUR 2010LY5N2T.
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